Over the past decade, the transition-metal-catalyzed CH functionalization of heterocycles has expanded the organic tool box with efficient means to form C--C bonds without apparent leaving groups on the heterocycle substrate.^[@ref1],[@ref2]^ Among these the allylation of heterocycles at the sp^2^-hybridized carbon under CH-activation has been described by using various transition metals as catalysts.^[@ref3]^ Apart from CH-activated direct allylation of aromatic heterocycles, activation of C-sp^3^ pronucleophiles for the formation of C--C bonds in classical allylic alkylations requires addition of bases or in situ generated bases or additives^[@ref4]^ and can only be circumvented in rare cases without additives.^[@ref5]^

In this context, the activation of C(sp^3^)--H bonds of nitrogen heterocycles with p*K*~a~'s (DMSO) \> 25 requires overstoichiometric amounts of reagents as described in previous work by Trost, Walsh, and others ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}),^[@ref6]^ whereas the activation of α-acidic protons of aldehydes or ketones (p*K*~a~'*s* \< 25 in DMSO) can be achieved with catalytic amounts of reagents.^[@ref7]^ We now report a new method for the additive-free α-allylation of several heterocycles with allyl acetate under mild conditions ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}), which complements the existing work on various nucleophiles.^[@ref8]^
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In our ongoing efforts to use the Tsuji--Trost allylation^[@ref9]^ for the synthesis of biologically active molecules,^[@ref10]^ we have observed that, when DBN is used as base additive, under certain circumstances the formation of allylated 1,8-diazabicyclonon-5-ene (**3**) could be observed. This reaction aroused our interest as it appeared to have proceeded under direct C--H allylation in an α-position to an amidine moiety^[@ref2]^ whereas comparable *N*-heterocycles could only be activated with strong bases and additives ([Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}).^[@ref6]^

![Initial Observation of the Pd-Catalyzed α-Allylation](ol-2016-03407p_0002){#sch2}

In order to prevent a possible self-deprotonation, which could be the case for bases like DBN, we used the readily available oxazoline **4** as a suitable test substrate to study the influence of ligand, solvent, leaving group, and temperature on the yield of the allylation reaction ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"} and [Supporting Information](http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.6b03407/suppl_file/ol6b03407_si_001.pdf)). Among the tested 9 monodentate and 13 bidentate ligands (see the [Supporting Information](http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.6b03407/suppl_file/ol6b03407_si_001.pdf) for full reaction optimization and results), only the bidentate ligands DPEPhos and Xantphos resulted in substantial product formation (77% and 99%, respectively), reflecting a strong influence of the bite angle.^[@ref11]^ As Xantphos has been identified as the best ligand in the initial screening, we used this ligand for subsequent reaction optimization studies.

###### Optimization of the Pd-Catalyzed Allylation[a](#t1fn1){ref-type="table-fn"}
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Reactions were performed with 2 mol % of (C~3~H~5~PdCl)~2~, 4 mol % of ligand, 1.0 equiv (0.5 mmol) of allyl reagent, and 1.0 equiv (0.5 mmol) of **4** at 80 °C in solvent (0.2 M). Conversion was monitored via GC--MS with mesitylene (0.5 mmol) as internal standard.

Conversion to **5** was adjusted with the internal standard.

The racemic mixture of **5** could be observed with a chiral Feringa--phosphoamidite ligand (see the [Supporting Information](http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.6b03407/suppl_file/ol6b03407_si_001.pdf)).

The reaction was performed in a 1.0 M solution at 60 °C, and complete conversion was observed after 1 h.

With these optimized conditions in hand ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entry 12), we sought to investigate the scope and limitations of this reaction and tested a series of heterocycles featuring an imine moiety as part of the ring structure ([Scheme [3](#sch3){ref-type="scheme"}](#sch3){ref-type="scheme"}). We were pleased to see that the catalyst combination Pd/Xantphos enabled the allylation of several different nitrogen heterocycles, like dihydroimidazoles, tetrahydropyrimidines, dihydroisoquinolines, thiazolines, and benzimidazoles. Thiazolines proved to be more reactive than other heterocycles and could be converted even at 40 °C. 2-Alkylbenzimidazoles were converted to **7**--**10** in moderate to good yields. Interestingly, some substrates which are less substituted have a tendency to preferentially generate the diallylated products **15** and **16**. In these cases, only diallylated products and starting material could be observed via GC--MS if the reactions were quenched before completion. Other diallylated products could only be monitored in traces and in only one case were produced in a significant amount when 1.0 equiv of allylating reagent was used ([Scheme [3](#sch3){ref-type="scheme"}](#sch3){ref-type="scheme"}, **18**). Unfortunately, several heterocycles could not be allylated with the applied reaction conditions ([Scheme [3](#sch3){ref-type="scheme"}](#sch3){ref-type="scheme"}, **22**--**29**). Interestingly, benzothiazole **25** and benzoxazole **26** could not be converted compared to the benzimidazole series **7**--**10**. Moreover, the electronic properties of the heterocycle seemed to have a great impact on the outcome of the reaction. Electron-deficient nitrogen heterocycles **23**, **24**, and **29** were not converted even with the optimized reaction conditions.
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The failure of the reaction with substrates **27** and **28** suggested that electron-withdrawing protecting groups on the methyl benzimidazole ring adversely affected the reactivity of these substrates ([Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}). Therefore, we envisioned a suitable one-pot protection/allylation/deprotection protocol, in which the allyl group would serve as a temporary protecting group. We were pleased to see that *C*-allylation product **32** could be generated in 61% yield with slightly modified conditions to the known standard procedures using phenylsilane for the deprotection of the intermediately formed *N*-allyl group ([Scheme [4](#sch4){ref-type="scheme"}](#sch4){ref-type="scheme"}).^[@ref12]^

![One-Pot Approach for the α-Allylation of Unprotected 2-Methylbenzimidazole](ol-2016-03407p_0004){#sch4}

After having established the scope of the nucleophile substrates, we studied various alternative allyl electrophiles for their suitability in our reaction. We could use the monosubstituted allylacetates **35** and **37** as electrophiles. However, higher substituted electrophiles **39**--**41** were not converted. Moreover, longer reaction times were necessary for the active electrophiles to enable satisfying conversions ([Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}).

###### Scope of the Allylating Reagents[a](#t2fn1){ref-type="table-fn"}
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Reactions were performed with 2 mol % of (C~3~H~5~PdCl)~2~, 4 mol % of Xantphos, 1.0 equiv (1.0 mmol) of allyl reagent, and 1.0 equiv (1.0 mmol) of substrate at 60 °C in DMSO (1.0 M) for 6 h.

No conversion could be detected at 60 and 100 °C after 24 h.

The observation that a rather electron-rich imine moiety was necessary for the reaction should also give a hint about the underlying mechanism for this reaction. Due to the rather high p*K*~a~ of the α-proton of the imine functionality, we excluded a direct deprotonation by the acetate anion released after formation of the η^3^-Pd--allyl complex. We hypothesized that the CH bond could be acidified either by an initial allylation of the imine-*N* leading to an iminium ion **A** ([Scheme [5](#sch5){ref-type="scheme"}](#sch5){ref-type="scheme"}, mechanism A) or by complexation of the cationic Pd-complex as a Lewis acid **C** ([Scheme [5](#sch5){ref-type="scheme"}](#sch5){ref-type="scheme"}, mechanism B). According to mechanism A, an *N*-vinyl allylamine intermediate **B** would form from **A**, which can undergo a Pd-catalyzed aza-Claisen rearrangement.^[@ref13]^

![Proposed Reaction Mechanism](ol-2016-03407p_0007){#sch5}

In order to test these mechanistic hypotheses, we performed an experiment in which we used thiazoline **42** as a substrate without enolizable α-hydrogen. According to mechanism A, a nucleophilic base should be able to attack the cationic intermediate **43** at the electrophilic iminium. In the experiment, we could trap the proposed intermediate **44** and isolated adduct **45** in 12% yield after 5 h at 80 °C when allylmethylcarbonate was used as electrophile ([Scheme [6](#sch6){ref-type="scheme"}](#sch6){ref-type="scheme"}), which gives support to mechanism A. This mechanism also explains why less nucleophilic heterocylces and less electrophilic allyldonors are not turned over in this reaction (see [Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"} and [Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}).

![Trapping Experiment for the Elucidation of the Reaction Mechanism](ol-2016-03407p_0008){#sch6}

In conclusion, we have shown that the α-allylation of imine-containing heterocycles can be mediated by a Pd/Xantphos catalyst system, which operates without the addition of any additive resulting in mild reaction conditions. It is suggested that in contrast to other established allylation reactions this transformation is initiated by an initial *N*-allylation event, which enables deprotonation leading to an *N*-vinylallylamine suitable for an aza-Claisen rearrangement. This reaction complements established Pd-catalyzed allylation reactions using pronucleophiles activated by strong bases and broadens the scope of allylic substitution toward late-stage functionalization of pharmaceutically relevant heterocycles.

The Supporting Information is available free of charge on the [ACS Publications website](http://pubs.acs.org) at DOI: [10.1021/acs.orglett.6b03407](http://pubs.acs.org/doi/abs/10.1021/acs.orglett.6b03407).Full experimental procedures and spectroscopic characterizations ([PDF](http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.6b03407/suppl_file/ol6b03407_si_001.pdf))
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